Abstract. Biogas is one alternative to replace the irreplaceable energy source that has begun to diminish its existence. The raw materials for biogas manufacture are renewable biomass, usually using plantation waste, agriculture, and livestock. Using biogas can also reduce environmental pollution. One of the agricultural waste that has great potential to become the raw material of biogas is teak sawdust. Wood processing industry in Indonesia quite a lot, but wood has a high lignosesluosa content, so it needs the right method to process it. With the delignification of lignin levels on teak sawdust will decrease. Wood sawdust is soaked using NaOH for 1, 2, 3, and 4 days with 4% w / v concentration. The lowest lignin and hemicellulose content was 25.79% and 87.9% in pretreatment for 4 days, while the highest cellulose level was 57, 34%. The accumulated volume of biogas at 1 day pretreatment, ie 709 ml / g TS. Gcms shows the enlarged peak area of methanamine, N-methyl from before pretreatment. The fastest biogas formation (λ) in 4 days pretreatment, 1.60403 days and the largest constant A and U variables at 1 day were 914.5903 ml / g TS and 34.59765 ml / g TS.
Introduction
Raw materials with lignocellulosic content are known as potential raw materials to produce environmentally friendly alternative fuels. The timber industry is an industry that produces many lignocellulosic wastes, since wood is a high-lithocellulose raw material [1] . Wood saw waste in Indonesia has not been utilized optimally, causing environmental pollution [2] . Utilizing waste wood industry in Indonesia, is a great potential to become alternative energy raw materials. Diversification of energy is one way to be able to deal with the scarcity of oil resources and to reduce environmental pollution. Utilization of biogas as an alternative energy is possible to be applied in Indonesia because it has a potential of 49,807.43 MW derived from the activities of forest processing industry, agriculture, plantation, and sewage waste [3] . Biogas is one of the renewable alternative sources of energy that has the potential to replace fossil energy sources [4] [5] [6] . Biogas processing using anaerobic digestion process, with methane content (CH 4 ) is 55-70%, carbon dioxide (CO 2 ) of 34-45%, and other gas with small quantities are CO, N 2 , H 2 , H 2 S, O 2 [7] [8] [9] .
The process of Anaerobic Digestion (AD) is the process of transforming organic waste into biogas using microbacteria through conditions without oxygen [10] . There are 4 main processes in the process of Anaerobic Digestion, that are hydrolysis, acidogenesis, acetogenesis, and methanogenesis [11] .
Hydrolysis process is the process of changing organic polymer material into monomer. Fat is hydrolyzed into fatty acids or glycerol, the protein is hydrolyzed to asama amino or peptide, and carbohydrates are hydrolyzed into monosaccharides and disaccharides [12] . The process of acidogenesis is the process of forming the result of hydrolysis into organic acid by acid-forming bacteria. The organic acids formed are acetic acid, propionic acid, butyric acid, and valeric acid [13] . The process of Acetogenesis converts organic acids which are oxidized to acetic acid and hydrogen by acetogenic bacteria [14] .The process of methanogenesis is the process of converting acetic acid to carbon dioxide and methane by acetropic organisms and by reducing carbon dioxide with hydrogen by hydrogenotropic organisms. The dominant methanogens used in biogas reactors are Methanobacterium, Methanothermobacter, Methanobrevibacter, Methanosarcina and Methanosaeta [12] .
Based on its Total Solid (TS) content, the Anaerobic Digestion process is divided into two types: Liquid AD (L-AD) and Solid State AD (SS-AD) [15] . Liquid Anaerobic Digestion (L-AD) is an anaerobic digestion process having a total solid strength (TS) of less than 15%, usually L-AD source from food waste, fertilizer, or animal waste [16] . Solid State Anaerobic Digestion (SS-AD) has a raw material having a total solid content (TS) of more than 15% [17] . SS-AD is considered more advantageous than L-AD, because it requires smaller reactor volumes, less energy required for heating, easier handling of raw materials, and less energy loss to be more efficient [18] .
The problem for raw materials that have a high TS is to have a high enough lignocellulosic content. Lignocellulose makes the raw material difficult to be processed into biogas, so the need for action to reduce the content of lignocellulose in raw materials to be used [19] . Lignocellulose consists of three main components, namely cellulose, hemerusulose, and lignin. They form a complex chemical bond into the base material of the plant cell wall [20] .
Cellulose is the main component of the cell wall. Cellulose is a glucose polymer with β-1,4-glucoside bonds in a straight chain. Build a cellulose base in the form of a selobiose that is a dimer of glucose. The long chain of cellulose is connected together through the hydrogen bonds and van der waals forces. Cellulose molecules are microfibrils of glucose bound to one another forming a very long polymer chain. Cellulose is a polysaccharide consisting of units and has a relatively high molecular mass, composed of 2,000-3,000 glucose. The cellulose molecule formula is (C 6 H 10 O 5 ) n. Cellulose is a major component of the plant cell wall wall that is glucose polymer composed of β-1,4-glucose units connected with β-1,4 Dllycoside bond. The bonds of β-1,4 glucoside in cellulose fibers can be broken down into glucose monomers by acid or enzymatic hydrolysis. A perfect cellulose hydrolysis will produce a cellulose monomer called glucose. The presence of lignin and hemicellulose around the cellulose is a major obstacle to hydrolyzing cellulose [21] [22] .
The hemicellulose chain is shorter than the cellulose chain, due to the lower degree of polymerization. In contrast to cellulose, the hemicellulosic polymer is not straight but is a branched polymer and its structure is not crystalline. The hemicellulosic sugar monomer comprises a five-carbon (pentose / C-6), hexuronic and hexose deoxy carbonated monomer. Hemicellulose will undergo oxidation and degradation reactions first than cellulose, due to its shorter and branched chain of molecules. Hemicellulose is hydrophilic (easy to absorb water) resulting in a less orderly structure. Structurally, hemicellulose is similar to cellulose which is a sugar polymer [21] [22] .
Lignin is one component of the plant. Lignin is a complex molecule composed of phenylphropane units bound in three-dimensional structures, Lignin is very resistant to degradation, either biologically, enzymatically or chemically. Lignin is a threedimensional polymer comprising a propane phenyl unit through an ete bond (C-O-C) and a carbon bond (C-C) [21] [22] .
High content of Lignocellulose in biomass causes biomass is difficult to be processed into biogas, so the need for pretreatement. The usual types of pretreatment are pretreatment chemically, physics and biology [23] . Alkali pretreatment is an effective pretreatment method for dissolving lignin and also can neutralize a variety of acidic products from lignocellulosic complex [24] [25] . Using NaOH for the delignification process because this solution can damage the lignin structure of the crystalline and amorphous parts, and separate some of the hemicellulose. Hemicellulose has an amorphous structure so that the use of NaOH can remove lignin sekgus extracting hemicellulose. Thus it causes the pretreatment to use alkali more effectively than other prerations [26] .
The OH-ions of NaOH will break the bonds from the ligmin base structure, while the Na+ will bind to lignin to form sodium phenolate. This phenolic salt is soluble. Dissolved lignin is characterized by black in a solution called black liquor. After the immersion process, the sample is filtered to remove the dissolved lignin in the solution and then the sample is washed with water to clean the solution still attached to the sample [27] .
Experimental Method

Materials
This Biogas using raw material from sawdust, that produced from home industry from Central Java, Indonesia. The rumen obtained from RPH Ungaran. NaOH of 4% w/v used for pretreatment. HCl of 0.2N is used to neutralize ph. 
Delignification Process
Sodium hydroxide (NaOH) with 4% w / v concentration is used for the sawdust delignification process. The process is done at room temperature during (1,2,3,4 day) with liquid to solid ratio that is 100 ml liquid per five gram sawdust. After the delignification process, sawdust is washed with aquades and HCl 0,2N, then dried in an oven at a temperature of 100 ° C to a constant weight.
Anaerobic Digestion Process.
Total Solid (TS) required for making this biogas is 20% . The digester has a volume of 1L. The biogas made has an initial ph 7, because the methanogenic bacteria can work well on ph 6.6-7.6 and it is the best ph for microbial growth. The composition of C / N has a 30/1 ratio, because of the best composition for microbial nutrition in order to develop maximally. Then put in the rumen, water, urea and sample. The digester bottle must be sealed, until no air enters the digester bottle. After that, observed the anaerobic digestion process until 30 days. The product of Anaerobic Digestion analyzed by Gas Chromatography -Mass Spectrometry. The kinetics of gas volume is calculated by Goempertz equation.
Result And Discussion
Results and Discussion Effect of Duration Soaking with NaOH to the content of Lignocellulose
Effect of soaking time on the content of the lignocellulosic NaOH in the sawdust have long immersion variations are 0, 1, 2, 3 and 4 days with NaOH concentration of 4% w / v. The analysis was conducted to determine the content of lignocellulose on sawdust using Chesson analysis [28] . Chesson analysis results can be seen in Figure 1 , Figure 2 and Figure 3 . Figure 2 shown the hemicellulose content of sawdust that immersed by NaOH 4% w / v at 0, 1, 2, 3, and 4 days. In day 0 immersion, sawdust has 8.6%, on day 1 has 8,57%, day 2 has 8,39%, day 3 has 8,12%, and day 4 has a level of 7.9%. From the graph above, it can be seen that the longer immersion hemicellulose levels decreased. Hemicellulose levels were at least 4 days, that is 7.9%. Fig. 3 . Cellulose on Sawdust for 0,1,2,3 and 4 days pretreatment Cellulose content can be seen from Figure 3 , an increase from day 0 to day 4. On day 0 concentration of cellulose was 55.3%, and then on day 1 of cellulose content of 55.93%, a day to two levels of cellulose 56, 8%, day 3 level 57.03%, and the highest is cellulose level on day 4, that is 57,34%. This phenomenon occurs due to the occurrence of hemicellulose degradation into xylose, arabinose and glucose [29] . Cellulose can be converted to glucose, and hemicellulose to xylose, arabinose, galactose and glucose [20] .
The phenomenon of Figures 1 and 2 decreases the percentage of lignin and hemicellulose content each day in teak sawdust. This decrease is due to the initial treatment of NaOH which can change the chemical composition, chemical structure, and physical characteristics of sawdust during pretreatment, thus increasing the biodegradability of teak sawdust [30] . The content of lignin before immersion using NaOH was 27.88%, then after immersion to 25.79%. Like lignin, hemicellulose also decreased 8.6% before immersion and 7.9% after immersion. This decrease means the conversion of insoluble fiber to soluble component, besides pretreatment of sawdust saw using NaOH causes delignification by breaking the ester bond on lignin and hemicellulose, and increasing porosity of biomass [31] .
Effect of Immersion with NaOH 4% w/v on Biogas Volume
After soaking the teak sawdust with NaOH 4% w / v for 0, 1, 2, 3, and 4 days, the sawdust is used for raw material from biogas manufacture. The biogas made has an initial ph 7, because the methanogenic bacteria can work well on ph 6.6-7.6 because it is the best ph for microbial growth [6] . The C / N composition has a 30/1 ratio because of the best composition for microbial nutrients to develop maximally [32] . The effect of sawdust immersion using NaOH 4% w / v was observed with variations of immersion duration.
Fig. 4. Biogas Volume Measurement Results
Based on FIG. 4 , the first biogas formed is to immerse for 4 days at a volume of 27 ml / g TS. On day 4, biogas begins to form for immersion variables for 3 days with volume 30 ml / g TS. On day 6, biogas begins to form for immersion variables for 2 days and 1 day with consecutive volume of 38 ml / g TS and 20 ml / g TS. On day 8, biogas begins to form for variables without immersion with a volume of 30 ml / g TS.
The phenomenon in Figure 4 is due to the number of lignin in each variable. Chesson analysis conducted before making biogas fermentation to get the result of reduced lignin content the longer done soaking of sawdust teak. The lowest lignin level on pretreatment for 4 days of immersion using 4% w / v NaOH, ie 25.79%. Before pretreatment using NaOH, the lignin content was 27.88 The phenomenon affects the process of the formation of sawdust teak into biogas. Variables without immersion are the longest-producing variables of biogas, because they have high lignin levels, so the fermentation process of biogas formation is quite hampered by the presence of high lignin [33] . Lignin that lies between the cells and inside the cell wall serves as a glue to bond between cells, which can lead to limited rate and extension of hydrolysis, since lignin is protective and complicates digestion of substrate by microbes. Substrate that is difficult to digest by microbes leads to the longer formation of biogas in the fermentation process, so before pretreatment using NaOH there is longer gas formation compared with the dipretreatment sawdust [29] . The most rapid variable produces biogas is 4 days immersion variable, which starts to form after 2 days of fermentation in the digester. The formation of biogas faster than other variables is due to more dissolved and fragmented lignin compared with pretreatment for 1 day, 2 days, and 3 days. Low levels of lignin is evidenced by the chesson analysis that obtained the lowest results on 4 days of immersion using NaOH 4% w / v, ie 25.79%. Low levels of lignin will cause reduced and loosened lignin bonds of cellulose and hemicellulose [34] . Reduced and loosened lignin bonds will accelerate the process of cellulose hydrolysis in sawdust to biogas in fermentation, so the formation of biogas at soaking 4 days faster than immersion for 1 day, 2 days, and 3 days [35] . Figure 5 shows that the highest cumulative biogas volume is found in 1 day immersion variables with biogas volume reaching 709 ml / g TS. For the 0 days immersion variable, the biogas volume reached 493 ml / g TS. The 2-day immersion variable reaches 510 ml / g TS, 3 days of immersion of 452 ml / g TS and the least is for 4 days of immersion with volume of 449 ml / g TS.
Fig. 5. Accumulation of Biogas Production
The increase in biogas volume from before pretreatment and after pretreatment for 1 day, due to reduced lignin level before pretreatment. In the chesson analysis obtained lignin levels are reduced from before soaking, ie 27.34%. Reduced lignin levels are caused by the destruction of ester bonds in the LCC (Lignin Carbohydrate Complex) by hydrolysis reaction, so the bonds between units and lignin functional groups, cellulose, and hemicellulose are damaged causing chemical structure changes. Changes in chemical composition, chemical structure, and physical characteristics lead to the easy process of degradation into biogas. Increased cellulose levels can also increase the volume of biogas in pretreatment for 1 day. This phenomenon causes the volume to be formed on immersion for 1 day [36] .
Day 2 until day 4 there was a decrease in the accumulation of biogas volume, ie day 2 had accumulated 510 ml / g TS less than 1 day immersion of 709 ml / g TS. The phenomenon is inversely related to the phenomenon of chesson analysis which shows the longer the immersion the less lignin content, should the accumulation of biogas volume increase. The results obtained on the fermentation of sawdust sawdust using 4% w / v NaOH indicated that soaking for 2 days, 3 days and 4 days was getting fewer results than immersion for 1 day. The decrease is due to the more NaOH absorbed in the raw material will cause anaerobic microbial inhibition due to high Na+ concentration and the effect on the lignin decomposer [37] [38] . Utilization of NaOH pretreatment may cause inhibition of Na+ ions in methanogenesis [39] . This phenomenon resulted in the accumulation of biogas volume at 2 days, 3 days and 4 days less than 1 day immersion, although in the biogas formation process the fastest occurred in 4 days immersion variable due to low lignin and hemicellulose levels.
The Influence of Immersion on Biogas Content Characteristics
After immersion and biogas preparation, further analysis is needed to determine the changes of the biogas composition formed after and before immersion. Methanamine, N-methyl-(CAS) Table 2 shows the differences in the area of components found in teak sawdust. The area before immersion NaOH 4% w / v is 4,297,054, whereas after immersion NaOH 4% w / v is 15,257,372. The greater area of the peak area after pretreatment shows that more methanamine N-methyl composition in biogas after pretreatment. The phenomenon is caused by damage to lignin and hemicellulose and the occurrence of de-esterification (saponification) in the bonds of intermolecules ester [31] . It also changes the degree of polymerization of each component, altering the physical characteristics of teak sawdust, ie changes in surface area, porosity, and crystallinity [40] , altering chemical composition, and chemical structure [30] . Pretreatment using NaOH causes decreased lignin and hemicellulose content in teak sawdust, thus increasing biodegradability and increased biogas production [36] .
Effect of Immersion with NaOH on Biogas Formation Rate
Biogas production data obtained from the study were matched with the modified Goempertz equation (Equation 1) [41] . In the modified Goempertz equation it assumes the cumulative biogas production in batch digesters is in line with the bacterial growth rate [42] [43] [44] [45] [46] [47] [48] . The modified Goempertz equation is as follows:
Where P is the production of cumulative biogas (ml), A is the production of potential cumulative biogas (ml / g TS), U is the maximum biogas production rate (ml / g TS days), e is the mathematical constant of 2.71828, λ is the adaptation time bacteria (minimum start time of cumulative biogas production is calculated (days) .The constants A, U, and λ can be determined by using nonlinear regression with the help of POLYMATH software [43] [44] [45] [46] [47] [48] . The kinetics constants of biogas production from sawdust saw in Table 3 can be seen in saw 2 teak sawdust soaked with NaOH 4% w / v, the highest A and U constant values are immersion for 1 day ie 914,5903 ml and 34 , 59765 ml / gr TS.day, but the lowest λ is 4 days ie 1.60403 days Pretreatment with NaOH 4% w/v for 4 days is variable that makes the fastest biogas among 4 other variables because the content of lignin and hemicellulose is 25.79% and 7.9%, thus speeding up the hydrolysis process [49] [50] [51] . While in the process of hydrolysis is solved by anaerobic bacteria that release a special enzyme that serves to cut the bonds of molecular units, because the molecule is too large [52] . Rapid hydrolysis rate will decrease adaptation phase or minimum start of biogas production (λ) [19] , but immersion for 4 days does not get large A and U values. The highest A and U values obtained 1 day immersion variable. This phenomenon is caused by the 4 days of absorbing NaOH more than the 1 day variable. Na + can cause the inhibition of Aerobic Digestion process especially in methanogenesis process [21] , so the process of biogas formation in variable 4 days is less than 1 day variable which less NaOH absorption. The formation of biogas on the 1 day variable tends to be slower because the number of lignin and hemicellulose is higher than 4 days, ie 27.34% and 8.57%. High levels of lignin and hemicellulose cause more difficult process of microbial biodegradation more difficult, so the process of hydrolysis runs more slowly.
Conclusion
Pretreatment for 1 day produce the highest biogas that is 709 ml / g TS, but it takes a long time to produce it. The longer the pretreatment using NaOH the faster the formation of biogas, this is proven by pretreatment for 4 days to produce the first biogas according to kinetic calculation, which is 1.60403 days because it has low lignin and hemicellulose, that is 25.79% and 7.9 %. The amount of methanamine Nmethyl also increases after delignification of NaOH and before immersion.
